Background and Objective: Hyperprolactinemia affects the reproductive endocrine axis; however, the degree of dysfunction may vary depending on etiology. The aim of the present study was to analyze menstrual cyclicity in patients with prolactinoma and drug-induced hyperprolactinemia (DIH). Methodology: Patients with prolactinoma and DIH were retrospectively analyzed for menstrual cyclicity at presentation and response to therapy. Results: Of 128 females with hyperprolactinemia, 58 had prolactinoma (41 microadenoma and 17 macroadenoma) and 39 had DIH. Patients with prolactinoma had higher prolactin levels and increased frequency of oligomenorrhea (77.5% vs. 46%) as compared to DIH. Patients with macroprolactinoma had more severe menstrual disturbances compared to microprolactinoma. A higher percentage of patients with microprolactinoma and DIH achieved regular menstrual cycles compared to macroprolactinoma postcabergoline treatment (85% and 90% vs. 65%). There was no correlation between time to regularization of menstrual cycles with age, menstrual cycle length, duration of menstrual irregularity, or initial prolactin level in patients with prolactinoma. Linear regression analysis showed a significant association between time to regularization of menstrual cycles with time to normalization of prolactin levels (P = 0.001). Conclusion: There is a prompt restoration of menstrual cycles in patients with microprolactinoma and DIH. Patients with macroprolactinoma have more severe menstrual disturbances and lesser frequency of cycle restoration postcabergoline treatment compared to microprolactinoma and DIH.
IntroductIon
Hyperprolactinemia affects the reproductive endocrine axis at multiple levels. Prolactinoma and drug-induced hyperprolactinemia (DIH) are the most common causes of hyperprolactinemia. Menstrual cyclicity may be variably affected in patients with DIH and prolactinoma since drugs and pituitary tumor itself may affect the reproductive endocrine axis. [1] [2] [3] Common drugs implicated for hyperprolactinemia such as antipsychotic agents alter other neurotransmitters such as histamine, gamma-aminobutyric acid (GABA) and opiates that may affect the hypothalamic-gonadal axis. [4] [5] [6] On the other hand, patients with prolactinoma may have gonadotrope dysfunction due to mass effect of the tumor. Furthermore, associated thyroid hormone and corticotroph deficiency may also affect menstrual cyclicity. Thus, due to the different etiologic profile, menstrual cyclicity and response to therapy may be different in patients with prolactinoma and DIH. There is paucity of comparative data related to the menstrual cyclicity in patients with prolactinoma and DIH. In the present study, we aimed to analyze the menstrual cycles and response to treatment in patients with prolactinoma and DIH.
methodology
Patients with hyperprolactinemia who presented to the pituitary clinic of the Endocrine Department of this hospital from 2010 to 2014 were subjects for this study. Hyperprolactinemia was defined as prolactin levels > 25 ng/ml documented on two separate occasions with at least one sample estimated in pooled sera. Males with hyperprolactinemia were excluded from the study. Data related to presenting complaints, clinical examination, biochemical and hormonal parameters, radiologic imaging, and relevant history including drug history, etiologic diagnosis, and treatment were noted from the clinical records.
Patients were subgrouped based on the clinical diagnosis. A note of clinical symptoms and menstrual cyclicity at presentation and posttreatment during follow-up was made. Regular menstrual cycles were considered when menstrual cyclicity was at interval of 21-35 days. Missing data were recorded from patients during subsequent clinic visits or telephonically. Prolactin, thyroid function tests, luteinizing hormone (LH), follicle-stimulating hormone (FSH), and estradiol levels were performed by chemiluminescence (vitros ECIQ, Johnson and Johnson).
Statistical analysis
All the data were entered into Microsoft Excel and converted into SPSS version 11 (Chicago, Illinois, USA). The data are expressed as mean ± standard deviation. Patients were subdivided into various groups according to etiologic diagnosis. Independent t-test was used to compare the parametric variables between patients with prolactinoma and DIH. Chi-square test was used for the comparison of nonparametric variables. Mann-Whitney U-tests and Kruskal-Wallis tests were performed to calculate the P value where the data were not normally distributed. P value was considered statistically significant at values <0.05. Pearson's correlation between linear variables was performed where appropriate. Linear regression analysis was performed with duration to normalization of regular cycles as the dependent variable.
reSultS
One hundred and twenty-eight females with hyperprolactinemia with average age of 32.2 ± 9.4 years (15-64 years) presented during the study period. Of 128, 39 patients (30.5%) had DIH, 58 (44.5%) had prolactinoma, 8 (6.3%) had nonsecretory adenoma, 4 (3.1%) had acromegaly, and 4 had primary hypothyroidism whereas there was a single patient each with pituitary abscess and partial empty sella. Thirteen patients (10.2%) were classified as idiopathic hyperprolactinemia since no diagnosis could be made.
Of 128 patients, 32 (25%) had regular periods, 89 (69.5%) had irregular periods whereas 7 (5.4%) patients were postmenopausal. Out of 58 patients with prolactinoma, 41 patients had microadenoma whereas 17 had macroadenoma. DIH was attributed to prokinetics in 24, antipsychotics in 13, and oral contraceptives in 2 patients. Table 1 gives the comparative frequency of different medications causing hyperprolactinemia. Prokinetic agents were the most common drugs causing hyperprolactinemia followed by antipsychotic agents. Patients with prolactinoma had a greater frequency of headache (77.5% vs. 30.7%) and visual complaints (27.5% vs. 2.56%) compared to those with DIH. Table 2 gives the comparative clinical and hormonal data between patients with DIH and prolactinoma. Patients with DIH were older and more obese as compared to patients with prolactinoma. Initial prolactin levels were higher in patients with prolactinoma (P = 0.046); however LH, FSH, and estradiol levels were comparable in the two groups. Thyroid and adrenal function dysfunction was also comparable in the two groups (32.0% and 39.0% and 0.0% and 7.5%, respectively). Patients with DIH had a higher frequency of galactorrhea. Patients with prolactinoma had a greater degree of menstrual abnormalities (77.5% vs. 46.1%), along with greater duration of menstrual abnormalities as compared to patients with DIH [ Figure 1 ]. Table 3 gives the comparative clinical and biochemical parameters in patients with microprolactinoma versus macroprolactinoma. Patients with macroprolactinoma were younger, had greater degree of menstrual irregularities, and had higher prolactin levels as compared to patients with microprolactinoma.
The management for DIH included either stopping the causative agent or change to atypical antipsychotics or cabergoline where causative agent could not be changed. A greater number of patients with prolactinoma received cabergoline in comparison to patients with DIH [ Table 4 ]. In spite of a greater degree of menstrual cycle irregularity in patients with microprolactinoma, the patients who attained regular periods were comparable between patients with DIH and microprolactinoma. The duration to achieve regular periods was also comparable in the two groups. A higher number of patients with microprolactinoma achieved regular menstrual cycles as compared to those with macroprolactinoma (91% vs. 64%). Eight patients conceived, of which there were four normal deliveries, three MTP, and one abortion. Patients with macroprolactinoma who continued to have irregular periods either had panhypopituitarism, coexisting polycystic ovaries, hypothyroidism or were the ones who did not regularly follow the treatment. One patient who did not achieve regularity of periods with cabergoline given 5 mg/week and still has her prolactin levels ranging from 148 to 442 ng/ml has been asked to get operated second time.
The mean duration of irregular periods in patients with prolactinoma before initiation of treatment was around 42 months. The duration to normalization of periods in these patients with prolactinoma was around 3-5 months. Patients with amenorrhea had higher prolactin levels as compared to those with oligomenorrhea (410.9 ± 486.48 ng/ml vs. 162.76 ± 162.94 ng/ml, P = 0.005). There was no correlation between time to regularization of menstrual cycles with age (P = 0.32), menstrual cycle length pretreatment (P = 0.78), duration of menstrual irregularity (P = 0.8), initial prolactin level (P = 0.91), LH, FSH, or estradiol levels (P = NS). There was a significant correlation between time to regularization of menstrual cycles and time to normalization of prolactin levels (P = 0.00). Linear regression analysis also showed association between these two parameters (P = 0.001). There was no difference in time to regularization of periods in patients with oligomenorrhea versus amenorrhea (4.32 ± 3.94 months vs. 5.2 ± 7.03 months, respectively, P = 0.087). Four patients with amenorrhea of 3-4 years duration had regular periods within 1-4 months. One patient with macroprolactinoma and amenorrhea of 9 years achieved regular menstrual cycles within 2 months of cabergoline treatment. She subsequently had two pregnancies.
dIScuSSIon

H y p e r p r o l a c t i n e m i a c o m m o n l y a f f e c t s t h e hypothalamic-gonadal axis of females at multiple levels.
The most common abnormality is inhibition of normal pulsatile secretion of gonadotropin-releasing hormone of the hypothalamus. [7, 8] Prolactin also has direct effects on the ovary. In vitro perfusion studies of human ovaries show that prolactin directly suppresses progesterone and estrogen secretion. [9] Prolactin inhibits estrogen formation by antagonizing the stimulatory effects of FSH on aromatase activity and directly inhibiting aromatase activity. [10, 11] Polycystic changes in the ovaries have also been described in patients with hyperprolactinemia.
In the present study, we observed that prolactin-secreting tumors followed by drugs were the most common causes of hyperprolactinemia. Patients with DIH were older and more obese as compared to those with prolactinoma. Prolactin levels were lower; however, frequency of galactorrhea was higher in patients with Drug induced hyperprolactinemia compared to prolactinoma. Previous studies have also shown that frequency of galactorrhea is independent of prolactin levels. [1, 3] Patients with prolactinoma had greater incidence of amenorrhea and lower estrogen levels. Yazigi et al. speculated that in hypoestrogenemic states, high levels of prolactin fail to stimulate milk production, which together with an individual response in breasts, may partly explain the lack of galactorrhea in some patients. [2] This could explain a lower frequency of galactorrhea in patients with prolactinoma compared to DIH (84% vs. 66%) in the present study in spite of higher prolactin levels. Berinder et al. also observed that galactorrhea was present in around 50% of patients with prolactinoma. [3] We observed a high frequency of menstrual disorders (around 80%) in patients with prolactinoma. Apart from effects of high prolactin on the hypothalamaic gonadal axis, menstrual disorders in patients with prolactinoma could also be caused by structural damage to the gonadotropes by large tumors. In the present study, around 44% and 35% of patients with prolactinoma had oligomenorrhea and amenorrhea, respectively. Berinder et al. in a study on 271 women with hyperprolactinemia (71% of whom had prolactinomas) observed that 26% had oligomenorrhea and 61% had amenorrhea. [3] Touraine et al. similarly observed in their cohort of 122 patients with prolactinoma that around 66% patients had amenorrhea and 26% oligomenorrhea. [12] The frequency of amenorrhea was much higher in these two studies compared to our study. This could be because both these studies included patients with idiopathic hyperprolactinemia. Furthermore, the frequency of macroadenomas was higher in the study by Touraine (36%) compared to our study (29%).
Around 52% of patients with DIH had menstrual abnormalities in the present study. Prokinetics were the most common cause of hyperprolactinemia followed by antipsychotics. Prokinetic drugs, commonly used in gastrointestinal disorders, induce hyperprolactinemia through a dopamine antagonistic mechanisms. [13] The prevalence rates of menstrual abnormalities with antipsychotic agents range between 15 and 50%. [6] In female patients with psychosis, apart from effects of antipsychotic agents, menstrual irregularities may be partly due to dysfunction of the hypothalamic-pituitary-gonadal axis and partly attributed to abnormalities of neurotransmitters or their receptors including D1, D2, histamine, serotonin, GABA, and opiates. [4] Antidepressant drugs with serotoninergic activity, including selective serotonin reuptake inhibitors, monoamine oxidase inhibitors, and some tricyclics, can cause modest and generally asymptomatic hyperprolactinemia. [13] Two patients in the present study were taking estrogens. In the studies documenting hyperprolactinemia, the incidence among women on oral contraceptives containing estrogens is variously reported from 12% to 30%. [13, 14] There were more severe menstrual abnormalities in patients with prolactinoma compared to DIH. Frequency of amenorrhea and duration of menstrual irregularities were higher and estrogen levels lower among patients with prolactinoma. Patients with macroprolactinoma were younger, had greater degree of menstrual irregularities, and had higher prolactin levels as compared to patients with microprolactinoma. In spite of a greater degree of menstrual dysfunction among patients with microprolactinoma compared to DIH, there was a prompt restoration of menstrual cyclicity in around 90% patients with cabergoline treatment. Cabergoline is a selective and long-lasting dopamine agonist, which inhibits prolactin secretion with a duration of action up to 21 days after single oral doses of 0.3-1 mg. [15] Colao et al. observed that 82% of 145 patients with hyperprolactinemia resumed periods within 6 months. [16] Webster observed that 72% of patients treated with cabergoline had regular menstrual cycles, but excluded were the patients with prolactinoma. [17] Berinder et al. observed that around 94% of their patients achieved regular menstrual cycles with cabergoline treatment. However, the time required to achieve regular menstrual cycles was not given in this study. [3] Patients with macroprolactinoma had a greater degree of menstrual dysfunction compared to DIH and microprolactinoma (75% amenorrhea vs. 10% and 17%, respectively). Verhelst et al. also reported more frequent menstrual disturbances in macroprolactinoma versus microprolactinoma (76% vs. 100%). [18] Patients with macroprolactinoma also required a higher cabergoline dose compared to patients with microprolactinoma (1 mg per week vs. 0.5 mg per week) in the present study. Verhelst also similarly observed that patients with a macroprolactinoma needed a higher median cabergoline dose, compared with those with idiopathic hyperprolactinemia or a microprolactinoma: 1.0 mg/week versus 0.5 mg/week. Patients attaining regular menstrual cycles were also significantly lesser in patients with macroprolactinoma compared to DIH and microprolactinoma (65% vs. 84% and 91% respectively). While resumption of menstrual cyclicity has been variably reported from 72% to 90% in various series, we could not find data related to comparative menstrual cyclicity between microprolactinoma and macroprolactinoma postcabergoline treatment. [3, 12, 18] The median duration of restoration of regular menstrual cycles among patients with prolactinoma in the present study was around 3-5 months. The duration to regularization of menstrual cycles correlated with time required for normalization of prolactin levels. There was no difference in the time required to achieve regular menstrual cycles among patients with amenorrhea versus oligomenorrhea. Patients with amenorrhea had higher prolactin levels as described previously. [3, 12] This indicates that neither the prolactin levels nor the duration or severity of menstrual abnormalities affected the restoration to regular periods in patients with prolactinoma. Such a prompt restoration of gonadal function was also reported among 17 males with prolactinoma by De Rosa et al. [19] They observed improvement of libido within 2 months and sperm counts within 3 months of cabergoline treatment. They speculated that prolactin not only affects sexual steroid secretion but also plays a pivotal role in spermatogenesis. Prolactin receptors are present in all stages of the cycle of the seminiferous epithelium, the surface of Leydig and Sertoli cells, all phases of spermatogonia and spermatocytes in male rats. [20] One patient with macroprolactinoma and amenorrhea of 9 years achieved regular menstrual cycles within 2 months of cabergoline treatment. Author has seen an 11-year-old amenorrheic patient with prolactinoma who became pregnant within 1-2 months of cabergoline initiation. This is surprising since even hypogonadol females with such a long duration of amenorrhea require estrogen priming before progesterone replacement for endometrial shedding.
A limitation in our study is that it was retrospective in nature and performed in a tertiary hospital which might not be representative of community phenotypic presentations of hyperprolactinemia. However, it provides a follow-up on outcomes, especially related to menstrual cyclicity in DIH and prolactinoma, the two most common causes of hyperprolactinemia. In spite of a greater severity of menstrual abnormalities in patients with microprolactinoma compared to DIH, there is a prompt restoration of regular menstrual cycles with cabergoline treatment in around 90% patients. Patients with macroprolactinoma have more severe menstrual disturbances and lesser frequency of cycle restoration compared to microprolactinoma postcabergoline treatment.
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